Post-harvest handling practices and associated food losses and limitations in the sweetpotato value chain of southern Ethiopia by Parmar, Aditya et al.
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Household  food insecurity  is  a chronic  problem  in  Ethiopia;  the  situation  is  being  exacerbated  by  high
population  growth  rates  and  recurring  droughts  in the  country.  The  interest  to  address  post-harvest  value
chain  (VC)  constraints  leading  to  food  losses  has increased  signiﬁcantly  to provide  adequate  nutrition  to
the  growing  population.  In this  study,  mapping  of  sweetpotato  VC  not  only  quantiﬁes  the  degree  of  losses
but  establish  links  between  distinct  VC  constraints  and  respective  food  losses  and  limitations.  Harvest
and  handling  at farm  level  and  shelf  life  issues  at distribution  were  identiﬁed  as  vulnerable  hot-spots  of
the sweetpotato  food  losses.  Apart  from  physical  and  biological  factors,  demand  and  supply  mismatchthiopia
ood losses
weetpotato
alue chain
during  the main  harvest  season  at the wet  markets  leads  to food  (up  to  25%)  and  economic  losses  (33–75%)
followed  by  deﬁciencies  in the lean season.  A multi-stakeholder  cooperation  is  required  to  mitigate  food
losses,  which  can  have  a high  impact  on the  nutritional  and  ﬁnancial  status  of the  producers,  market
operators,  and  the  consumers.
©  2016  Royal  Netherlands  Society  for Agricultural  Sciences.  Published  by Elsevier  B.V.  All  rights
reserved.. Introduction
Starchy roots and tubers such as Ethiopian banana (Ensete
entricosum), potato (Solanum tuberosum), sweetpotato (Ipomoea
atatas) and taro (Colocasia esculenta) are the second most impor-
ant source of daily dietary intake in Ethiopia following cereals [1].
weetpotato is the most important tropical root crop in the coun-
ry, especially in the densely populated southern and southwestern
arts of the country [2]. The Ethiopian national sweetpotato pro-
uction has quintupled in the last decade, making it the 4th
argest producer globally after China, Nigeria and Tanzania [3].
weetpotato is attractive to small-scale resource-poor farmers as
t provides more carbohydrates per hectare than any other crop
nd has an ability to endure in poor soils and dry conditions [4,5].
he importance of sweetpotato as a source of -carotenoids, ascor-
ic acid, and anthocyanins have also been widely recognized and
romoted [6–8]. Because of these unique features sweetpotato is
lassiﬁed as a typical food security crop. In the semi-arid plains of
ast Africa, sweetpotato is sometimes called ‘Cilera Abana − protec-
or of the children’ which is a reﬂection of its crucial role in ﬁghting
alnutrition [9].
∗ Corresponding author.
E-mail address: aditya.parmar@daad-alumni.de (A. Parmar).
ttp://dx.doi.org/10.1016/j.njas.2016.12.002
573-5214/© 2016 Royal Netherlands Society for Agricultural Sciences. Published by ElseBeing perishable and poorly handled in developing countries
such as Ethiopia sweetpotato roots may  suffer signiﬁcant post-
harvest losses along the value chain (VC). Current global estimates
suggest that 45 up to 54% of roots and tubers are spoiled post-
harvest in sub-Saharan Africa (SSA) [10,11]. A recent meta-analysis
by Affognon et al. [12] provides a staggering 45–69% loss for sweet-
potato. The distinct causes and magnitude of such losses depend
on the particular conditions prevailing in speciﬁc locations. Many
recent studies raised this concern and demanded location speciﬁc
detailed information regarding the scale and nature of these losses
[10,12–14]. The most recent global effort towards bringing the issue
of food loss in the forefront was the release of United Nations sus-
tainable development goals (SDG). SDG-12.3 targets a reduction
of 50% in per capita global food loss at retail and consumer level
by 2030 and propose the requirement to multiply efforts towards
reduction of losses at production and supply stages.
Food security in Ethiopia is still a critical issue, 25–35% of the
country’s population is undernourished [15]. Reduction in food
losses and food waste is one of the sustainable solutions to enhance
future food availability [13,16,17]. Little information is available
from the country about the post-harvest handling practices and
associated food losses, despite Ethiopia being the fourth largest pro-
ducer of sweetpotato. In a review Jones et al. [18] highlighted that
information from Ethiopia on sweetpotato post-harvest handling
practices, storage and magnitude of losses is almost nonexistent.
vier B.V. All rights reserved.
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Table 1
Damage classes at farm and market levels.
Code Damage class Deﬁnitiona
UD Undamaged Root is whole, and there is no mechanical injury apart from the breaking point from the vine.
LD  Lightly damaged Roots are not whole and carry one small cut other than the breaking point from the vine.
SD  Severely damaged Roots are not whole and carry more than one cut, apart from breaking point from the vine.
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a Skinning injuries were ignored at retail and wholesale level as 100% of the root
n the course of this study, a diagnostic survey was carried out dur-
ng the main harvest season along the sweetpotato VC in southern
thiopia. The objective was to capture the current status of the post-
arvest VC from harvest to retail, identify the key actors and their
espective roles, and quantify food losses. The principal focus was
o assess how much, where and when food losses occur and what
he main causes and types of these losses are.
. Materials and methods
.1. Study location
The SNNPR (Southern Nations, Nationalities, and Peoples’
egion) borders Kenya in the south and southwest, and South
udan in the west. It is one of the most rural regions of Ethiopia,
ith an estimate of 90% rural inhabitants. The region constitutes
2% of the total land allocated for sweetpotato production at the
ational level. The Sidama and Wolayita zones are the centers of
weetpotato production in SNNPR, contributing 72% of the total
egional production [1]. Hawassa and Sodo main markets and Addis
baba market (markatu) were the key markets visited to track
ommercial consignments of sweetpotato roots. Hawassa is the
apital city of SNNPR and about 275 km south of the national capital
ddis Ababa. Sodo is the central administrative town of Wolayita
one located 150 km southwest of Hawassa and 312 km south of
he national capital. According to the Ethiopian national census
f 2007, the population of Hawassa and Sodo towns was  157,139
nd 76,050 respectively. However, current estimate suggests that
he population of these cities may  have grown two fold since then
ainly due to rural-urban migration. The cities represent the urban
enters of the respective zones, with literacy rates of 72.5 and
8.7%, and economic activity rates of 52.2 and 58.9% for Sodo and
awassa respectively [19]. The geographical location and elevation
f Hawassa and Sodo are 038◦ 28′ E, 07◦ 03′ N, 1694 m and 037◦ 44′
, 06◦ 49′ N, 1854 m respectively. The rainfall pattern in the study
rea is bimodal, with a short rainy season in March and April and
he long second rainy season from June to mid-October.
.2. Deﬁnitions and system boundaries
Maintaining a consistent deﬁnitional framework and clearly
tating the system boundaries are keys to compare food losses
esults to existing studies and measuring future developments
gainst the current status. Throughout this study the FAO deﬁni-
ional framework of food loss and system boundaries was followed
20], where food loss is referred as ‘decrease in quantity or quality
f any substance (processed, semi-processed or raw) which originally
as intended for human consumption’. Four boundaries which were
elected for this study were agricultural production (during harvest);
ost-harvest handling and storage (during packaging, transportation);
rocessing (industrial or domestic processing) and distribution (whole-
ale and retail).  Food waste is referred as the food loss occurring at
onsumption stage, which is a major problem in developed coun-
ries [10,13]. Therefore, food waste was not considered during this
tudy.identiﬁcation by looking at the holes present on the surface due to weevil attack.
 found to be affected by skinning and minor bruising.
2.3. Damage assessment
After conducting a preliminary investigation at the farm and
wholesale stages, four classes of the damages was conceptualized
(refer to Table 1).
2.4. Field survey and measurement
A survey (semi-structured questionnaires) and ﬁeld mea-
surements (direct weighing/counting) were conducted for the
assessments at retail, wholesale and farm levels. An upstream
approach of stakeholder identiﬁcation was used starting from the
retail level. All the sweetpotato retailers in Hawassa and Sodo mar-
kets were interviewed. Retailers were asked to provide the contact
of wholesalers delivering sweetpotato roots to them. Similarly,
information from wholesalers was obtained to reach collectors
and subsequently the farmers. The primary sweetpotato supplier
woredas (sub-regional administrative units) to the selected urban
markets and the respective kebeles (smallest administrative units)
which were surveyed during the study are illustrated in Table 2. In
total 61 VC actors were interviewed including 30 farmers, and 31
traders (19 retailers, nine collectors, and three wholesalers). Back-
ground characteristics of VC actors are presented in Tables 3 and 4.
2.5. Trials at market conditions
Freshly arrived sacks (weighing ∼110 kg) at the wholesale level
were procured for shelf life (keeping quality) trials at market con-
ditions during the month of March at Hawassa main market. The
consignment was a day old harvest and had traveled a distance
of 35 km (Kebele: Mesinkala) by mini-truck involving loading and
unloading activities (please refer to Fig. 1 for transition points and
approximate delays for Hawassa market). All the roots suffered
skinning injuries. For in-sack keeping quality trials, 30 sweetpotato
roots were kept in polypropylene bags, representing the marketing
situation. The purpose was to investigate critical quality deteriora-
tion during marketing rather than long-term storability. Rees et al.
[21] clearly distinguish between long term storage (>3 months) and
shelf life (keeping qualities during marketing ranging 2–3 weeks).
A period of 4 weeks was considered to represent the maximum
length of time fresh roots may  stay in the marketing stage. Two  sets
of bags with three replicas each were prepared. Set one (unsorted)
constitutes an imitation of the commercial sack with all the dif-
ferent classes of roots (UD, LD, SD, PD) in the same proportion
as it was  identiﬁed at the wholesale level. Another set (sorted) of
bags with only undamaged (UD), lightly damaged (LD) and severely
damaged roots (SD) was  prepared after sorting the original com-
mercial sack to analyze the effect of injury type on weight loss and
rotting. Weight loss and surface rotting were observed weekly, and
at the end of the 4th week, all the roots were cut vertically and hor-
izontally to detect the types of infection. ‘Sweetpotato DiagNotes:
A Diagnostic Key & Information Tool for Sweetpotato problems’ was
used for identiﬁcation of rotting and responsible microorganism
[22].
Retail conditions were categorized into three types: shade (S),
semi-shade (SS) and no shade (NS). S retail: roots are placed under
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Table  2
Primary producer locations and linked markets surveyed.
Urban markets Feeder Zone Woreda Kebeles Distance from market
Hawassa Sidama Dale Mesinkala 35 km
Dore Bafana Jara Karara 20 km
Sodo  Wolayita Boloso Sore Ukara 30 km
Sodo Zuria Offasere 20 km
Addis  Ababa Wolayita Sodo Zuria Offasere 340 km
Table 3
Background characteristics of traders interviewed.
Background characteristics Retailer (n = 19) Wholesaler (n = 3) Collector (n = 9)
Sex (%)
Male 0.0 33.3 100.0
Female 100.0 66.6 0.0
Age  (Average years) 36 ± 12 35 ± 14 29 ± 3
Education (%)
No formal education 21.1 0.0 11.1
Primary education 63.2 66.6 44.4
Secondary Education 15.0 0.0 11.1
Higher Secondary 0.0 0.0 33.3
University 0.0 33.3 0.0
Market (n)
Hawassa 9 1 4
Sodo  8 1 3
Addis Aababa 2 1 2
Table 4
Background characteristics of farmers interviewed.
Background Characteristics Survey Area
Overall (n = 30) Sidama (n = 10) Wolayita (n = 20)
Sex (%)
Male 90.0 100.0 85.0
Female 10.0 0.0 15.0
Education (%)
No formal education 13.3 0.0 20.0
Primary education 56.6 80.0 45.0
Secondary Education 16.6 10.0 20.0
Higher Secondary 3.3 10.0 0.0
University 10.0 0.0 15.0
Family size (%)
1–3 13.3 30.0 5.0
4–6  53.3 60.0 50.0
above 6 33.3 10.0 45.0
Age  (%)
18–30 56.7 80.0 45.0
31–40 20.0 10.0 25.0
41–50 20.0 10.0 25.0
above 50 3.3 0.0 5.0
Land holdings (%)
≤1 hac 70.0 60.0 80.0
>1  hac 30.0 40.0 20.0
Major crops (%)
Sweetpotato 100.0 100.0 100.0
Enset 53.3 70.0 45.0
Taro 40.0 0.0 60.0
Maize 36.7 60.0 25.0
Teff 26.7 0.0 40.0
Potato 20.0 30.0 15.0
a
h
a
pCoffee 13.3 
Carrots 3.0 
Sugarcane 3.0 
 shelter providing complete protection from direct sunlight and
ave three walls. In the SS: roots are placed in the shade, but there
re no walls; shade typically is provided by an umbrella, tree or a
oorly constructed shed on four wooden pillars. NS retail: roots are30.0 5.0
10.0 0.0
0.0 5.0
sold under direct sunlight without any form of shade. Ten medium
size roots of each damage class in each retailing condition were
displayed on polypropylene sacks on the ground during the mar-
ket hours and packaged in the sack during the night (which is the
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tandard retailing practice in the study area). The samples were
eighed every 24 h for a seven day period. The analysis of vari-
nce between subject and factors was performed using SPSS version
tatistics 22 (IBM, Armonk, USA) to test the signiﬁcance of dam-
ge class and retail condition on the mass loss characteristic of
weetpotato roots. Environmental conditions during the trials were
ecorded by digital data logger Testo, 174H (Lenzkirch,  Germany).
. Results
.1. Value chain characteristics
The major VC operators identiﬁed during the survey were farm-
rs, collectors, wholesalers, and retailers. The deﬁnition of these
perators in the framework of GTZ [23] VC methodology are as fol-
ows: a farmer is ‘an individual who is involved in the cultivation
f sweetpotato roots and responsible for activities related to pro-
uction such as land preparation, planting, weeding and applying
anures/fertilizers to the crop.’ Collectors are ‘a group or an individual
ho is involved in the collection of freshly harvested sweetpotato roots
rom various farmers and bring them together as one consignment and
esponsible for harvesting, packaging and ﬁnal transportation (with
he help of casual labours and transporters) to the wholesale and retail
arkets.’ Wholesale refers to ‘ a group or an individual who purchase
ulk consignments of sweetpotato roots sacks from collectors or farm-
rs and then further distributes the product to retailers without any
hange or value addition to the product.’ Retailers are the ﬁnal link
n the marketing chain and can be deﬁned as ‘an individual who is
esponsible for the ﬁnal sorting and grading and sale to the consumer
n smaller units.’ There are other actors in the VC, but their role is
ore of an enabler, such as daily wage labours (or casual workers),
ini-truck and donkey cart operators, who never own  the prod-
ct but carry out the activities such as harvesting, packaging, and
ransportation. Hawassa and Sodo markets were considered inde-
endent, as none of them found to be intersecting each other. At
ddis Ababa market, 100% of the sweetpotato roots came from the
olayita zone as per the wholesaler’s account.
There are three common paths by which the sweetpotato roots
each the ﬁnal step of retailing. In the ﬁrst, collectors pick up
oots from many farmers and bring them to the wholesaler from and activities in the study area.
where retailers purchase. The second path is when farmers are
selling directly to wholesalers without any involvement of collec-
tors. Third, the farmers and collectors who sell directly to retailers,
which happens at small village-level markets. Fig. 1 presents the
post-harvest VC by the market, the length of time in the sack and
transition points along with actors and their related roles.
The VC actors performed no curing and storage activities at any
stage. As soon as the product was  harvested, it was  packed and
transported to wholesale/retail market. There were delays of 1 or
2 days after packaging depending on the distance to the market and
the transportation systems. During these delays, the product was
kept under shelter or outside in the shade at ambient environmen-
tal conditions packed in polypropylene sacks. Consumption was
in the form of boiled whole roots; no value added primary or sec-
ondary processed sweetpotato products were available in the study
area. There are small street vendors who  sell boiled sweetpotato
roots with local sauces, which was  consumed by economically poor
members of the society. Anecdotal evidence and observations sug-
gest that sweetpotato is food for the ﬁnancially weaker section of
the community.
As far as the variations in cultivar were a concern, only one
white ﬂesh sweetpotato variety, locally called Gadissa (Hawassa-
83) was  commercially available in the surveyed area. The main
reasons behind low diversiﬁcation of sweetpotato cultivars were
the taste preference of the local population, better shelf life, white
ﬂesh, and higher yields per hectare. According to the Hawassa Agri-
culture Research Center, Hawassa-83 is the highest yielding variety
among all sweetpotato cultivars which are available at the research
station. The maturity period of this cultivar is 150–160 days with
on experimental station yields of up to 36.6 t/ha. Dry  matter con-
tent of the variety is about 30–33%. However, the drawback of this
cultivar is that it has no -carotenoids, and the root geometry is
long tapering (Fig. 2) which makes it susceptible to injuries during
harvest, packaging, and transport.
The farmers were asked to recall the total number of sacks pro-
duced per hectare in the current season, the average productivity
was 18.7 t/ha, which is almost half of the potential yield. FAO [3]
estimates the national productivity of 45 t/ha, which was not the
case at least in the study area. The price was  determined by mar-
ket demand, availability of the produce, and negotiation among
A. Parmar et al. / NJAS - Wageningen Journal of Life Sciences 80 (2017) 65–74 69
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takeholders depending on the quality of the product. At every
tage of the VC high-quality roots were deﬁned as ‘freshly harvested
edium to big size roots which are free from pest and other damages
nd have a shiny, smooth and bright colored skin’. The communica-
ion between all the actors was excellent as far as the desired root
uality was concerned.
.1.1. Harvesting
There are two main crop harvest seasons in Ethiopia referred to
s Meher (Sept to Feb) and Belg (Mar to Aug) in the local Amharic lan-
uage. In the Sidama zone, most of the sweetpotatoes are harvested
n the Meher season. Planting is conducted at the onset of the rainy
eason in April to June. In Wolayita, Belg harvest was available in
ddition to Meher which ensures year around supply of the roots.
tandard maturity indices which farmers use to determine the time
o harvest are: counting the months from planting (5–6 months),
welling and cracking of the soil around the plant and change of
eaf color from green to yellow. Progressive harvesting throughout
he harvesting season (Meher) was the predominant practice for
ale, whereas piecemeal collection for home consumption. Harvest-
ng for commercial purpose was conducted by hired casual labour.
n the majority of the cases, labourers were employed by collec-
ors, who go from farm to farm and harvest the desired number
f quantities for next day market. Harvesting starts in the morn-
ng carries on until evening for market deliveries. In most cases,
he harvesting period was extended to 2–3 months after maturity,
hich increases the risk of sweetpotato weevil attack especially
n the dry season (main harvest). 90% of the respondents (farmers
nd collectors) said that they protect freshly harvested roots from
irect sunlight, mostly by putting them in the shade or covering
hem with vines and polypropylene sacks. The Haulm of the sweet-
otato roots was removed just before the harvest, canopy removal
–2 weeks before harvest as pre-harvesting curing was not prac-
iced in the study area. The most common harvesting tools in the
urveyed area were: Forka (digging fork), Safya (hoe), and Teke (small
igging fork). Forka and Teke were the preferred tools for harvesting
s they works well in dry soils and results in relatively fewer root
njuries..1.2. Packaging and transportation
Polypropylene sacks were used for packaging and transporta-
ion of commercial sweetpotato roots consignments from the
arm to the retail market. The soil on the roots was dustedrvest depicting root geometry.
moderately as no form of washing was involved before packaging.
The weight of the commercial sacks was  110–115 to 150–160 kg for
non-extended and extended sacks respectively. Sack height var-
ied from 115 to 170 cm,  with a cylinder radius of ∼23 cm.  The
sacks were ﬁrmly packed (density ∼571.4–605.3 kg/m3) which may
provide a potential for in-sack curing, but collectors and whole-
salers were unaware of this practice. The open top of the sack was
closed with sweetpotato vines which were tied with locally avail-
able threads and plants ﬁber (such as ensete ﬁber). At no point in the
VC were sweetpotato roots sold on a weight basis; trade took place
by volume (sack or heap). At the retail level, roots were kept in the
same polypropylene sacks until sold, parts of the batch were taken
out gradually, sorted by size and displayed on the sacks (on the
ground) for sale. Extended bags were typically used for the pack-
ing and transportation to distant markets. Whereas, non-extended
bags were used for nearby markets as donkey carts can easily trans-
port them. Depending on the distance to the market, three major
modes of transportation were available in the studied area: don-
key, donkey cart and mini-truck with capacities of 1, 3 and 45 sacks
respectively. To Hawassa market from Dale mini-truck was  operat-
ing (estimated travel time: 1 h), whereas from Dore-Bafana donkey
carts were common (estimated time of the trip: 5 h). In the case
of Sodo primary mode was  a donkey and donkey carts: estimated
travel time of 4–6 h. To Addis Ababa market mini-truck with a full
load (45 sacks) was operating (travel time 7–8 h).
3.1.3. Wholesale and retail
Wholesalers purchase the product from collectors or farmers
and transfer it to the retailers. No sorting, grading, packaging or
any other value-adding activities take place at the wholesale level.
The wholesaler has the advantage of having the capital to pur-
chase in bulk, which a poor retailer cannot afford. Wholesalers also
lend sacks to retailers who  do not have readily available money
to buy the product for retailing and collect money after the sale.
Wholesalers and collectors were in close contact about the market
situation and demand. Farmers were paid by the collectors imme-
diately on the harvest for long distance markets (Addis Ababa).
However, for short distance markets (Hawassa and Sodo) farmers
were paid after the product was sold to the wholesalers/retailers. At
Hawassa and Sodo there were nine and eight sweetpotato retailers
respectively, and one wholesaler served each market. The major-
ity of the sweetpotato vendors were working under the NS and SS
retail conditions in the Hawassa and Sodo markets. At the Addis
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baba market, three wholesalers work in close collaboration with
ach other in logistics and determining the price of the product.
At Hawassa most of the sweetpotatoes arrive as Meher crop,
ence at the beginning of the harvest season (September to January)
he supply is high, and the price is low (Table 5). The supply starts to
iminish around February and March tends to increase the whole-
ale price of sweetpotato up to 60%. In Sodo, sweetpotato roots are
vailable in both seasons; however, during Belg, production is low
hich leads to a price higher in comparison to the dry season.
Economically poor women dominated retailing. 100% of the
etailers at Hawassa and Sodo markets were female. In Hawassa,
he primary source of fresh sweetpotato roots for retailers were
he wholesalers. However, in Sodo, 75% of the retailers were buy-
ng directly from the farmers or collectors. No storage facilities were
vailable in the retail, in most of the cases, retailers had to leave
heir product in polypropylene sacks at the marketplace in normal
mbient conditions to sell on the next day. No particular method
o control evaporation (i.e. wet jute sacks) was carried out by the
etailers during the display of the roots. The retailers performed
orting and grading activities before ﬁnal sale to the consumer.
mall and ﬁbrous, rotten and pest infested roots were sorted out,
nd size graded the remaining product.
At retail, roots were displayed on polypropylene sacks or jute
acks as a bunch of small and big size root with equal numbers of
oots. The price of sweetpotato roots in the current season (March
015) was 5 ETB (0.25 USD) for a bunch of small size roots, and
0 Birr (0.50 USD) for a bigger size roots bunch consisting of 10–12
oots. By the weights of the sweetpotato purchased at Hawassa and
odo retail markets, the price was calculated as 2.9 ETB (0.15 USD)
nd 2.35 ETB/kg (0.12 USD) respectively.
.2. Food losses and damages
The estimated magnitudes of food losses, related causes, and
rimary VC actors who provided information at each stage are pre-
ented in Table 6. It is evident from these results that hot-spots
f post-harvest losses are at the farm (harvest) and retail levels.
ackaging, transportation, and wholesale operations do not lead to
ny discards as the product is kept enclosed in sacks. The sorted
uts and the roots which are not sold in time before they becomes
nmarketable as human food are the major food losses at retail.
etailers are compelled to sell 6–25% of the sweetpotato roots at
iscounted prices for alternative uses (animal feed), depending on
he season and demand. The discount can vary from 33 to 75% of the
riginal price, subjected to the quality and extent of shriveling. As
ar as the seasonal variations are concerned, the majority of the VC
ctors mentioned that maximum losses take place during the dry
onths (November–March). The primary causes of seasonal vari-
tions were: higher availability of the produce as this is the main
arvest season, dry and hot weather conditions leading to weight
oss and high incident of insect (sweetpotato weevil) damage.
The current harvesting practices result in high mechanical dam-
ge. The magnitude of SD roots ranged from 20.4 to 40.2% (Table 7).
he motivation to minimize injuries (during digging, packaging,
oading and unloading activities) among casual labours was low,
s they did not own the product and were in a hurry to complete
he activity. During loading and unloading activities polypropylene
acks (weighing 110–160 kg) were dropped from shoulder height
esulting in additional mechanical injuries. At the wholesale level,
00% of the roots had skinning injuries, more than 50% of the roots
ere suffering from one or several forms of damage (SD = 21.3%;
D = 30.5%; and PD = 5.6%). Weevil damage was low in Dale and
ore Bafana (harvested ﬁve months after planting). Whereas, in
he Wolayita zone (harvested nine months after planting) infes-
ation was extreme indicating a relation between delayed harvest
nd weevil attack.al of Life Sciences 80 (2017) 65–74
3.3. Trials at market conditions
3.3.1. In-sack keeping quality
The daily ambient minimum and maximum temperatures dur-
ing the trial ranged from 11–14 ◦C and 28–37 ◦C with a relative
humidity of 20–69% for four weeks. The mean temperature and
relative humidity inside the sacks was 24 ◦C (21.6–27.8 ◦C) and 74%
(46–87%) respectively. For unsorted sack replicas, after one-week
the average weight loss was 13.5%, signs of in-sack curing were
visible as the roots seemed to have developed a thicker skin as com-
pared to the fresh roots. Mean weight loss at the end of the second,
third and fourth week was  19.9, 27.6 and 29.4% respectively. After
one week 6.0% of the roots developed visual signs of fungal activ-
ity speciﬁcally on the wounded surfaces. From the second week
onwards there were only minor visible changes in the roots con-
ditions, the fungal activity on the injured surfaces seemed to have
dried off, and infection penetrated into the roots. The results of the
visual diagnostics test and pictorial indications of these infections
for unsorted sack replicas are presented in Table 8 and Fig. 3 respec-
tively. Fusarium surface and Fusarium root rot had the maximum
presence (54%). The second most dominant infection was footrot
caused by fungus Plenodomus destruen.
For sorted sacks, weight loss was  not signiﬁcantly different (p-
value > 0.05) among damage classes. At the end of the fourth week,
the weight loss was  30.4, 30.8 and 31.9% for undamaged UD, LD and
SD roots respectively. Similar to the unsorted sack replicas the dom-
inant infection in sorted (according to damage classes) sacks was
also Fusarium surface and Fusarium root rot. Infection free roots
had signiﬁcantly (p-value < 0.05) less UD and LD roots when com-
pared to SD. About 33.0% of the UD roots and 16.7% of the LD roots
were infection free. However, none of the SD roots were free from
infection. The infection among UD roots should be the result of skin-
ning injuries, as all the roots suffered minor to severe excoriation
(skinning) at wholesale.
3.3.2. Retail shelf life
Ambient conditions during the retail trial were: mean rainfall
of 0.0 mm,  the maximum temperature of 31–34 ◦C and a relative
humidity of 20–48%. These conditions are a good representation of
the dry season when the bulk of the Ethiopian sweetpotato harvest
and marketing take place. The percentage weight loss for seven
days, comparing all three damage classes and retail conditions is
presented in Fig. 4. The days (duration of the retail display) (p-
value ≤ 0.001), retail condition (S, SS, and NS) (p-value ≤ 0.001) and
interaction between retail condition and damage class (U, LD, and
SD) (p-value ≤ 0.001) had a signiﬁcant effect on weight loss.
Keeping the threshold weight loss as 20% [24], after which roots
tends to become unmarketable, roots of all damage classes can be
maintained marketable under S retail conditions up to seven days.
In SS retail conditions weight loss for roots of all damage classes
remained below the threshold until the fourth day. However, on
the ﬁfth day, ﬁrst the SD and then all other damage classes crossed
the mark. Understandably, the NS retailing condition was worse
whereas SD, LD and UD roots cross the threshold on the third and
fourth day respectively.
4. Discussion
4.1. Value chain limitations and implications
The VC of sweetpotato in southern Ethiopia was  found to
be underdeveloped, where fresh sweetpotatoes were transported
from farm to retail, lacking any form of curing, storage, and pro-
cessing. A cause and effect dendrogram summarizing problems
and limitations contributing to food losses is illustrated in Fig. 5.
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Table  5
Seasonal variations in wholesale price.
Season Belg Meher
Market/Months Mar  Apr May  Jun Jul Aug Sep Oct Nov Dec Jan Feb
Hawassa Max  Max  NA NA NA NA Min Min  Min  Min  Min  Max
Sodo  Min  Min  NA Max  Max Max Max NA NA Min  Min  Min
Max: Maximum price ETB 250–300 (12.5–15 USD); Min: Minimum price ETB 160–190 (8–9.5 USD).
Price is per sack referred as quintal (110–115 kg).
NA: No information available, as this is cultivation season so normally roots are not ready for harvest and sale.
Table 6
Food losses at different stages of the value chain.
Activities Primary Responders Food losses (%) Causes Destination use
Farm/Harvest Collectors, farmers 5–20 Pest damage, rotten and small roots
which are not suitable for marketing.
Animal feed.
Packaging Collectors, farmers NEGL NA NA
Transportation Collectors, farmers NEGL NA NA
Wholesale Wholesalers, collectors NEGL NA NA
Retail Retailers 6–25 Retail sorting based on pest damage,
severely wounded and cut, small size.
The product which is not sold in time
and develop shriveling due to weight
loss.
Sold at discounted price.
33–75% discount off the original price
as animal feed.
NEGL- Negligible, NA − Not applicable.
Table 7
Farm level mechanical damages.
Woreda Zone UD (%) LD (%) SD (%) PD (%)
Dale Sidama 49.1 10.7 40.2 0
Dore  Bafana Sidama 44.1 20.4 24.7 10.8
Sodo  Zuria Wolayita 39.5 14.5 27.1 18.9
Boloso Sore Wolayita 17.1 13.2 20.4 49.3
Table 8
Percentage of roots affected by various post-harvest infections during in-sack keeping quality trials.
Diseases Cause Symptomsa Roots (%)
No infection Not applicable No symptoms of rotting or decay were present apart from mass loss. 14.0
Foot  rot Fungus: Plenodomus
destruens Harter
Development of ﬁrm, dry, dark brown decay. Starts from the proximal end which has been
attached to the mother root.
22.0
Fusarium surface rot Fungus: Fusarium
oxysporum
Circular, dry, light to dark brown lesions on the surface. Visible white mycelium, hard and
mummiﬁed roots. Usually restricted to the cortex.
36.7
Fusarium root rot Fungus: Fusarium
solani
Enters into the vascular ring, lesions are concentric light to dark brown circles. Root seems dry,
ﬁrm  and dark brown. Internal cavities may  contain white mold hyphae.
17.3
Bacterial rot Proteobacteria: Erwinia
chrysanthemi
Wet  and soft rot which mostly is internal. The affected tissue has a peculiar smell, which becomes
watery.
4.0
a Source: O’Sullivan et al. [25].
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echanical injuries, weevil infestation and lack of storage/curing
acilities were found to be some of the primary causes of food losses.
ack of diverse usage and the image of sweetpotato as a poor man’s
ood appeared to be some of the broader reasons causing neglect in
he improvement of the sweetpotato VC. Similar situations have
een recorded in other parts of East Africa where traders were
ompelled to sell their product in wet markets within 3–10 daysng in sweetpotato roots during in-sack keeping quality trials.
before signiﬁcant weight loss and rotting occurred [24,25]. Injuries
at harvest continue to aggravate during the next stages of the VC,
contributing to the rapid weight loss and microbial rotting, reports
from developing regions of Asia and Africa estimates 26–35% of
the roots sustained severe mechanical damages at harvest [26,27].
In the current study from Ethiopia, the situation was  similar and
even worse in some cases where damages could reach up to 40%.
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Fig. 4. Daily percentage weight loss for three damage classes of sweetpotato roots in three different retail conditions.
(The red dotted line represents threshold weight loss = 20% after which roots tends to become unmarketable for human food)
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lark et al. [28] found that mechanical damages are higher when
weetpotatoes are harvested in the dry season, which was evi-
ently the main harvest in Ethiopia. Polypropylene sacks weighing
ore than 100 kg are common in many East African countries
esulting in signiﬁcant skinning and bruising injuries during load-
ng and unloading activities [26,29]. In the main markets of the
tudy locations, 50% and above of the roots were suffering from
echanical breakages and 100% of the roots had skinning injuries.
omparable studies from Tanzania state that 20% of the commercial
onsignments of sweetpotato were severely damaged and 86% had
kinning injuries at market level, resulting in economic losses of up
o 13% [29]. Rees et al. [24] observed that from 41% up to 93% of all
he roots arriving in urban markets of Tanzania were damaged in
ome form resulting in a reduction of the market value by 11–36%.
weetpotato weevils (Cylas puncticollis and C. brunneus) infesta-
ion is a challenge in the whole of Eastern Africa [30,31]. Exampleses in the study locations. (Source: Authors).
from Uganda and Tanzania suggest that keeping roots underground
for prolonged durations of the dry season leads to higher levels of
weevil damage [30–32].
Results from the shelf life trials during marketing clearly demon-
strated that wounds and cuts during harvesting and handling have
a signiﬁcant effect on susceptibility to post-harvest infection and
weight loss. These outcomes are in coherence with previous studies
where wounding during the harvesting/handling in combination
with improper storage and, warm/humid environments were some
of the main factors for fungal and bacterial infections [27,28].
Sweetpotato roots may become unmarketable after a substantial
weight loss; it was  hard to sell the roots which had experienced a
moisture loss of 20–30% in wet markets eastern Africa [24]. Eco-
nomic loss due to non-marketability of roots as food was  one of the
biggest problems of the retailers of southern Ethiopia, where they
were forced to sell their product at signiﬁcant discounts (33–75%)
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s animal feed. Kapinga et al. [33] report from Tanzania that after
wo weeks during marketing the economic losses were up to 60%
ue to quality degradation resulting from weight loss.
The estimated overall sweetpotato food losses in Ethiopia was
bout 11–45%, out of which agricultural production contributed
o 5–20% and distribution 6–25%. Comparing these ﬁgures with
ustavsson’s [10] estimates for roots and tubers losses from SSA,
resent a slightly different picture particularly in the distribution
tage at the wet market. There is a need to update the food loss
nd waste data regularly especially for developing and transitional
ountries. Perhaps a built in system of food loss data recording has
o be created which can be published yearly just like production and
ield ﬁgures to track the progress against set targets (SDG 12.3).
.2. Prospective control measures
Future work should focus on improving the harvesting and
ackaging practices to minimize the mechanical damages. Train-
ng of farmers and collectors in good harvesting practices, grading,
nd sorting at the farm gate are some of the simple interventions
hich can be immediately executed. One of the intrinsic factors
hich need to be considered is creating a sense of ownership
nd incentivizing undamaged roots among casual labours who are
nvolved in harvesting, packaging, loading and unloading activities.
he potential inexpensive and straightforward techniques such as
re-harvest/in-ground curing [34,35] and in-sack curing can be
xplored to prevent skinning injuries. At farm level with undam-
ged roots, and routine store inspections sweetpotatoes can be
conomically stored for up to 4–5 months with traditional stor-
ge methods such as pits and clamps [27,36]. Such facilities would
lso balance the demand and supply gaps in high and low sea-
ons and control price ﬂuctuations. Farmers and collectors can
educe the weevil damage, which remains an unsolved problem
n the region by having an alternative to keep roots in-ground for
xtended durations. However, early maturing and deep rooted vari-
ties, crop rotation, clean planting material, sex pheromone traps,
nd hilling-up are some of the management strategies which need
o be adopted to control weevil damage [27,31,32]. Shifting from
verﬁlled sacks to boxes and crates has been suggested by previous
tudies [27,29,34]. However, limited success has been achieved in
eplacing the polypropylene packaging due to higher costs involved
n buying and transporting plastic or wooden crates. Smaller bag
izes (∼15–30 kg) can provide an economical option and reduce
amages during loading, unloading, and transportation [37].
The retail trials during this study demonstrated that improving
he environmental conditions and providing undamaged roots at
etail can enhance marketing shelf life. Zero Energy Cool Chambers
ZECC) developed during the 1980s in India to provide short term
torage for various horticultural crops can be an attractive propo-
ition for wholesalers and retailers during the dry season [38,39]. A
umidity of up to 90% and temperature fall of 10–15 ◦C (from ambi-
nt) can be obtained by watering such evaporative coolers twice a
ay. The construction of ZECC is simple and requires locally avail-
ble materials such as bricks, sand, wood, and straw. In some areas
f Asia and Africa traditionally fresh sweetpotato roots are covered
ith ash to prevent fungal decay during short term storage [40].
Value addition has been on the agenda to transform rural agro-
conomies in SSA, but the development of sweetpotato processing
n the region has not reached that level of signiﬁcance, which was
lso reﬂected in this study. The introduction of sweetpotato ﬂour
nd other processed products in traditional food VCs (such as Injera:
he Ethiopian stable ﬂat bread) can provide a potential. However,
uch introduction is challenging, due to the local taste preferences
nd competition from other crops such as cassava and maize in
rice and quality [6].al of Life Sciences 80 (2017) 65–74 73
The key to long-term success of food loss reduction strategies is
that it has to provide tangible ﬁnancial returns on investment. Short
and long term cost-beneﬁt assessment of the possible interventions
must be conducted based on speciﬁc locations and conditions to
convince policy-makers to take the necessary steps. Experiences
from SSA suggest that food losses reduction and value-addition
measures failed previously for not being economically viable, their
inability to follow best practices, poor performance, mismatching
user/market needs and high initial investment in case of small-
holders [12–14]. Following a more holistic system approach may
produce better results by bringing cultural and socio-economic
aspects into consideration rather than a pure technical interven-
tion.
5. Conclusion and outlook
Identifying the VC constraints and linking them to speciﬁc
food losses is a key to developing better mitigation strategies and
improve VC efﬁciencies and in turn enhancing food security in
developing countries like Ethiopia. Around a quarter of the total
sweetpotato production in the study area is lost only at market-
ing and distribution stages of the VC. The poor retailing condition
in addition to physical and biological factors along the VC severely
restricted the sweetpotato shelf life. The loss reduction measures
must be taken at all stages simultaneously to have maximum effect
as in most cases the origin of the spoilage cause is in a preceding
stage. A considerable loss reduction potential is available in sweet-
potato value chains of southern Ethiopia towards achieving SDG
12.3. Moreover, keeping the history of war  and famine in Ethiopia
the experience shows that food security is not only a prerequisite
for healthy but also peaceful societies. Biophysical factors such as
maintaining intact skin during harvest and handling; and providing
shade and lower temperatures at distribution stages can improve
the shelf life. However, such efforts should be complemented with
effective government policy at institutional and regulatory levels.
In a recent outlook on food insecurity and post-harvest losses,
Bourne [41] stated that the core nature of the problem is of
handling inconsistent food supply and consistent demand. This
occurrence was prevalent in the sweetpotato value chains in south-
ern Ethiopia resulting in nutrition and income losses during the
peak season and scarcities in the lean season. Continuous report-
ing and monitoring of food losses are vital to track progress and
evaluate the impact of the interventions. Examples of govern-
ment policies on post-harvest loss information systems based on
nationally representative household surveys from Africa and its
importance was  highlighted by Kaminski and Christiaensen [42].
In the least developed countries like Ethiopia policy interventions
to adopt joint marketing (co-operatives) and access to micro cred-
its at the producer level and public, private partnerships in market
infrastructure investment can reduce losses and improve economic
efﬁciencies of the VC. Such policy and regulatory efforts based on
VC collaborations have been recognized by previous studies as one
of the important contributory factors to achieve development goals
[43,44]. Hence, the involvement of all the VC actors including con-
sumers, policy makers, and development organizations is crucial
in developing resilient and sustainable food systems with minimal
losses.
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